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awTTCANCER AGEHTS AMD A POPTOSIS 
This application is a continuation-in-part application 
of pending application Serial No. 08/110.127, filed on August 
20 1993, and entitled ANTICANCER AGENTS AND APOPTOSIS. The 
entire contents of the parent application are hereby 
expressly incorporated by reference. 

The U S. Government has a paid-up • license m this 
invention and the right in limited circumstances to require 
the patent owner to license others on reasonable terms as 
provided for by the terms of Grant Nos . R01CA40602 and 
5R27CA17575 awarded by the National Cancer Institute, and 
Grant Nos. P01-CA42063 and P30-CA14051 awarded by the 
National Institutes of Health. 

Field of the Invention 
This invention relates generally to cancer therapies, 
e.g, to screens for identifying anticancer agents and to 
cells for use in such screens. 

Background of the Invention 
The identification of effective anticancer agents has 
long been an objective in medicine. Both radiation-based 
therapy and chemotherapy have had a significant impact, on the 
treatment of cancer. Major impedients to successful therapy, 
however, include the failure of some tumor types to respond 
to either form of treatment, and the appearance of resistant 
cell populations upon relapse of an originally responsive 
malignancy. Consequently, the underlying basis of cellular 
resistance to anticancer agents has been the focus of much 
experimental study, m general, these investigations have 
examined how Chemother apeutio agents reach their 
intracellular targets or the molecular nature of the 
drug-target interaction. The mechanisms by which anticancer 
agents cause cell death, however, have thus far remained 
elusive . 
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Since ionizing radiation and many Chemother apeutic 
agents can induce DKTA damage or cause disruptions in DNA 
metabolism, the tumor-specific cytotoxicity of these agents 
has often been attributed to their genotoxic effect on 
actively proliferating cells. In many cases, however, the 
cellular damage caused by therapeutic doses of these agents 
is not sufficient to explain the observed toxicity. 

The process of programmed cell death, or apoptosis, has 
recently been the subject of various investigations. 
Apoptosis has been described as physiological cell death, 
since it is a genetically determined cellular program 
essential for normal development and maintenance of tissue 
homeostasis. Cells undergoing apoptosis generally display 
shrinkage, loss of cell-cell contact, chromatin condensation, 
and internucleosomal degradation of DNA. Many toxic stimuli 
have been shown to induce apoptosis, even at doses or 
concentrations insufficient to cause general metabolic 
dysfunction . 

Summary of the Invention 
One of the major problems in cancer treatment has been 
the failure of some cancers to respond to Chemother apeutic 
agents or radiation therapy, as well as the appearance of 
resistant cell populations upon relapse of ah originally 
responsive cancer to these treatments. Previous screens for 
anticancer agents have, in general, not focused on the 
ability of tumor cells to detect cellular damage and activate 
the apoptotic response, and thus, potentially successful 
cancer therapies have been missed. The present invention 
includes a method for identifying new therapies that are 
effective for many of these previously unresponsive cancers. 

According to the invention, a method for evaluating the 
ability of a treatment to adversely affect the growth or 
viability of a cell is provided. A cell is provided which 
has a first condition which reduces the susceptibility of the 
cell to apoptosis. A treatment is administered to the cell. 
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■ v^^r. made as to whether the treatment 

include a muftion in a g.n. * ^ 

pa in a tumor suppressor gene, e.g.. 
pathway, e 9^. . ^^^^.^^ homozygous or 

suppressor p53 embodiments, the method also 

"^irarrsecol: c nlltion Which in a wild type hac.ground 
includes a seco , cell to apoptosis. The 

enhances the --f^^f^^ f^^ 'L expressed oncogene, e.g.. 
second condxtxon ^-eludes, e^g . ^^^^ preferred 

.he adenovirus El^ gene <^^ -^l^^;j^ 

embodiments, the method also inciua ^^^^^^ 
allows establishment o^/^f-— //^ ^ rogene. The third 
condition is Pr-ent and - - 3.,., 
condition includes, e.g.. an expre 

"'^in one embodiment of the method of the invention a 

in one chemotherapeutic agent or radiation 

" : .ctlvity vouia reduce tne growth or 

,,pp„ssor gene P=3 .ct.vi , ^^^^^ ,,„.i£ic.tion 

- """" 

noil being obtained from a cell culture, e.g.. 
cell beang 00 ^^^^ being part of an 

fibroblast cell ^ transgenic animal, that is 

organism, e.g., an animal ^ the 

wild type or homozygous or heterozygou 

^^°'t::h"ct of the invention features identifying an 
aentTsiful for treating unwanted cell proliferation by 
agent useful to condition which reduces 

^"ItSiu" of "he en to apoptosis and a second 
susceptibility o£ background enhances 
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administered and it is determined if 

^ ucLcrrainea if the agent affects i-ho 

growth rate of the cell a z?^^^ • ^i-i:ecT:s tne 

unwanted cell proliferation. 

Another aspect of the invention features a method for 
evaluating the ability of a treatcnent to affect the al l 
v.aMlit. Of cells which are wild type for th a^pto't T 
pathway. A first cell is provided which is wii^ ! 
apoptotic pathway, and a second cell fpr j , Tc,T 
mutation in the apoptotic pathway, e g in t^f . ' 
suppressor p53 ,ene. . treat^enl is ' !d.i 3 e:edT:^he 
fxrst and second cell, and it is determined whether the 
treatment affects the vaino ^^^^cner the 

second cell .re co.p.red, a„d if the trea^Zf . ^ 
P...«et.. e«.„.i„e„ .1. c rt^L L 

=e»„. ceil, then the treatment Is apoptotic p«lay 
dependent «,d the treatment is identifi., „ 
elective fot cells which are .ild t^l" hr°' 
pathway. ^ apoptotic 

anticaterX":: a"™": 3^ " "^""^^ ^ 

organise in whL thett™ rr.^r^an " T 

as an anticancer agent by providing I cZZTl l l '"'^ 
condition Which reduced the susceptiMUt y T " 1 IT' 

a Para^ete! related ^ 

m one einbodiment, a second treatment, eg I 
chemotherapeutio agent or radiation, is utiU.ed in 
co:„5ination vith the first treatment to all^: the 
symptoms of cancer in the organism 

for tllatino'an^o"''"' °' ^^^^^^ ^ --hod 

tor treating an organism with cancer in which fch.. nro ■ 
cancer cells are tested for +-ho organism's 
re tested for the presence or absence of a 
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tu.or suppressor gene p53 mutation. If a p53 mutation is 
absent, then a therapeutically effective amount of a 
treatment is administered, the treatment being a 
ps^lpendent treatment, or a combination of a p53-dependent 
and a p53-independent treatment. If a p53 mutation is 
present, then a therapeutically effective amount of a 
treatment is administered, the treatment being a 
p53-independent treatment, or a sufficiently high level of a 
normally p53-dependent treatment so as to overcome the 
p53-dependent property of the p53-dependent treatment. 

And yet another aspect of the invention includes a 
method of treating a 6ell which is tumorigenic by 
administering a therapeutically effective amount ^umor 
suppressor gene p53 protein or LNA in an amount -"-^^^ " 
give expression of a therapeutically effective amount of p53 
protein. Preferably, the cell is deficient in tumor 
suppressor gene p53 function. In one embodiment, the cell is 
part of an organism. In another embodiment, the cell is 
obtained from a tumorigenic cell culture, and additionally, a 
therapeutically effective amount of treatment with a 
chemotherapeutic agent or radiation is administered 

in addition, mouse embryonic fibroblast cells that are 
either homozygous or heterozygous for a tumor -PP--- 
P53 mutation and have an adenovirus ElA gene and a T24 H-ras 
gene are provided. Mouse embryonic fibroblast cell lines 
that are either homozygous or heterozygous for a tumor 
suppressor gene p53 mutation and have an adenovirus EXA gene 
and T24 H-ras gene are also provided. ^^n-^v 
It is an object of the invention to evaluate the ability 
of a treatment to adversely affect the growth or viability of 

It is another object of the invention to identify 

anticancer agents . • j • ^„ 

It is yet another object of the invention to identify 
anticancer agents that are effective for cancers that are not 
responsive to currently available chemotherapeutic agents or 
radiation therapy. 
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It is yet another object of the invention to identify 
agents which can retard the growth of cultured cells, e.g., 
transformed cultured cells. 

It is yet another object of the invention to identify 
agents which can retard the growth of tumor cells that are 
part of an organism. 

It is yet another object of the invention to provide a 
cheap, easy and fast method for screening large nuinbers of 
putative anticancer agents. 

It is yet another object of the invention to identify 
anticancer agents that are not cytotoxic to nonmalignant 
cells. 

It is yet another object of the invention to identify 
anticancer agents that are apoptotic pathway-independent 

It IS yet another object of the invention to identify 
anticancer agents that are apoptotic pathway-dependent. 

It IS yet another object of the invention to identify 
anticancer, agents that bypass, restore or replace an 
apoptotic pathway gene function. 

It is yet another object of the invention to provide an 
in vitro test system which permits evaluations and 
comparisons between apoptotic pathway-dependent and apoptotic 
pathway-independent anticancer agents. 

It is yet another object of the invention to provide an 
in VIVO test system which permits evaluations and comparisons 
between apoptotic pathway-dependent and apoptotic 
pathway-independent anticancer agents. 

It is yet another object of the invention to identify 
the genetic reguirements for drug cytotoxicity. 

It is yet another object of the invention to screen an 
organism's cells for the presence or absence of mutations in 
the apoptotic pathway and then, depending upon the outcome of 
the screen, administer an effective anticancer treatment 
It is yet another object of the invention to use an 
anticancer agent identified in an in vitro test system as 
apoptotic pathway- independent or apoptotic pathway-dependent 
to alleviate the symptoms of cancer in an organism. 
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-H>.or obiect of the iavention is to treat an 

- -rr: — e:rr.r.^^^^^^^^^^^^^ 

drawings . 

griel^escriEtio r of the Dravinqs 

" ^ T^=^3-def icient cells after irradiation, 
r trie "o:^ «..=»se cu.es ... vi^UU. 
„lld type .nd p53-def icient clU after treatment ».th 
e.e.ot.er.peuti=^.9e«t=^ — e curves for the vlahiUty of 

^Tie -i-riaated with sodium azide. 

. rrlpicts . a.-»eu plate for assa.in, putative 
.„tic"cer .,.»ts at 'different cono.otratlo.s a„ -aid type 

^:rr:ll:rotrK^ot.etic.X .ose response cur^s for t.. 
viability of »lia type and p53-de£iclent cells after 

— 7t^Z^^~' —rafter 
platin, efficiency of »ild type and pS3-def ac.ent cells after 
i,o=tment with putative anticancer agents. 

""To. " IpLts .ypotnetical dose response 
,.tln« efficiency of wild type and p53-def icient cells after 

"""'^IG s depicts in vivo tumor response a, a function of 
to radlatLn or *e„=tner.py I. «i=e injected -it. vild 

^ iTiTXTJX^ ' " ;;is 

ch.«otMrapy of tu»ors derived from pS3-e=cpressin, cells. 
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Detailed Descriotinn 
This invention provides a method for evaluating the 
ability of a treatment to adversely affect the growth or 
viability of a cell. A cell is provided which has a first 
condition which reduces the susceptibility of the cell to 
apoptosis. in a preferred embodiment, the cell also has a 
second condition which when present in a wild type background 
enhances the susceptibility of the cell to apoptosis. And 
in a more preferred embodiment, when the second condition is 
present, the cell also has a third condition which aUows 
establishment of a permanent cell line when the second 
condition is an expressed oncogene. A treatment is 
TiTTnT -efumess of the treatment 

effect r.r" evaluated, e.g., by determining the 

effect Of the treatment on the value of a parameter that is 
related to the growth or viability of the cell 
..11 -eant to include a cell or a .group of 

cells. The cell can be a hu^an or a nonhuman cell. The cell 
may be obtained from a culture including a primary cell 

ciHT;." "''""^^ ^''^ - i-ortali.ed 

cell culture. Preferably, the cell is obtained from an early 
passage cell culture. An early passage cell culture result 
from subculturing a primary cell culture. To avoid pos ^b 
selection for mutations prior to employing a" screen of this 
invention, cells from an early passage cell culture are 
preferably obtained prior to the fourth suhculturing. Kidney 
cells and mouse embryo fibroblasts, as well as many other 
living cells, can be used in methods of the invention 
Preferably, the cell is a mouse embryo fibroblast. 

The cell of the invention may also be part of an 
organism. The term organism is meant to include human as 
well as nonhuman animals. Animals include mammals, birds 
reptiles, amphibians, insects and fish. Preferred animals 
are mammals and preferred mammals are humans or nonhuman 

ZTsll^' -ts. Sheep, goats, cows, 

horses, rabbits and rodents. An organism includes transgenic 
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nonhuman animals . The term transgenic animal is meant to 
include an animal that gains new genetic information from the 
introduction of foreign DNA or a lesion, e.g. , an in vitro 
induced mutation, e.g.. a deletion or other chromosomal 
rearrangement, into the DNA of its cells. The animal may 
include a transgene in all of its cells including germ line 
cells, or in only some of its cells. Preferably, the 
transgenic animal is a mouse. 

The term condition means a state of the cell. Such a 
condition includes, e.g., the state of the genome, the level 
of a gene product, and the introduction of any type of agent 
into or onto the cell. The state of the genome includes, 
e g. . a mutation in a gene and the addition of an exogenous 
gene'. An agent includes, e.g., a molecule and radiation. 

By apoptosis is meant programmed cell death. Such 
programmed cell death is at least in part a genetically 
controlled program essential for normal development and 
maintenance of tissue homeostasis. Cells undergoing 
apoptosis generally display one or more of shrinkage, loss of 
cell-cell contact, chromatin condensation and 
internucleosomal degradation of DNA. Many toxic stimuli 
induce apoptosis. even at doses or concentrations 
insufficient to cause general metabolic dysfunction. In 
addition, the expression of oncogenes may siensitize cells to 
apoptosis. 

A condition which can reduce the susceptibility of a 
cell to apoptosis can include, e.g.. a mutation in a gene 
that affects an apoptotic pathway. The term mutation is 
meant to include lesions which increase or decrease the level 
of expression of a gene affected by the mutation. The 
mutation can be homozygous or heterozygous. Genes that 
affect the apoptotic pathway include tumor suppressor genes, 
preferably the p53 gene, (Levine et al. Nature 351: 453-456, 
1991). and regulators of tumor suppressor genes, e.g., the 
itKima gene which is a regulator for the p53 gene. Thus, 
absence of the p53 gene product reduces the susceptibility of 



wo 95/05738 „^ 

PCTAIS94/09439 



-10- 



a cell to apoptosis. Another condition that can reduce the 
susceptibility of a cell to apoptosis includes the presence 
of certain selected oncogenes, the expression of which 
inhibits apoptosis. Preferred oncogenes are bcl2, HPV-E6 and 
adenovirus ElB. Yet another condition that can reduce 
susceptibility is the presence of a nonwild type level of 
expression of a gene which affects the apoptotic pathway. 

In preferred embodiments, the cell also has a second 
condition which in a wild type background enhances the 
susceptibility of a cell to apoptosis. In preferred 
embodiments the second condition at least partially 
transforms the cell of the invention. By transformed it is 
meant the failure to observe the normal constraints of 
growth. Transformed cells usually are characterized by one 
or more of the following: growth in a nnich less restricted 
manner than a normal cell, including generally dividing far 
more frequently; generally not needing a solid surface to 
which to attach; generally having reduced serum-dependence; 
generally piling up into a thick mass of cells instead of 
being restricted to a thin layer on the surface; and 
generally inducing tumors when injected into an appropriate 
organism. The second condition can, e.g,. include certain 
expressed oncogenes other than those referred to in the 
previous paragraph. The oncogene includes the adenovirus ElA 
gene and the c-myo gene. In the absence of the p53 gene 
product, programmed cell death of an ElA transformed cell is 
greatly reduced. 

Cells which have the above-described second condition 
may also have a third condition which allows establishment of 
a permanent cell line when the second condition is an 
expressed oncogene. The third condition allows the cell to 
form a tumor igenic cell line. The third condition can 
include, e.g., an expressed oncogene, preferably T24 H-ras. 

Thus, in the preferred embodiment, the cell has (i) a 
mutation in the tumor suppressor gene p53 which reduces the 
susceptibility of the cell to apoptosis, in that wild type 



PCTA3S94W9439 

WO 95/05738 ^ 



-11- 

p.o,.lea C.U a,..h p«h».y (apoptosi.) because 

:irr liLsr r^^^^^^^^^^^ ^» 

\ such cells «te .ntlcanoer agents of great 

death of ^""^ „„tions are observed in n,.uy 

S«» " '^""^ 

tr^o«> -^^therapeut^c .r„gs 
„.lation <Str.tch et .1 C.„c H s^ i^--^^ ^^^^^^ 
et al.. Oncogenes: 1603-1610 , - 
« , 1...^ -"^ al 

640-647, 1992; Yeargin et al . , J- Clin, inve _ 

''"'The term treatment is meant to include an anticancer 
a.nt or putative anticancer agent that is adminxstered. An 
agent or putative a radiation or' a molecule, e.g., 

anticancer agent can be, e.g., radiation ol 
anticancBt ^ . ^ „ am-inancer aqents include, e.g., 

• °^Tr:S^.1^.. of p ere:ror%et.ra gro.t. aua/or 
agents which "j" ^ne agents have a greater 

.eproauction of ell^ pre ^ y^^ ^ „,„alviding 

f/us n s art: tf the treatment includes 

nto ontf in the vicinity of, e.g.. Into a meai«» in which 
he ii -ponded, or distal to, the cell. Depending 

™ the type of treatment, and the state o£ the cell. e.g.. 
Tthir it^ in a cell culture or part of an «.i.al. the 

H=.trj".rrr:,':=.r.:=.. 
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upon the specific cells being used and the specific treatment 
being tested. Preferably, a range of parameters are used for 
any putative treatment that is being assayed. 

Subsecpient to administration of the treatment, a 
determination is made as to whether the treatment affects the 
value of a parameter related to the growth or viability of 
the cell. The growth or viability of the cell can be 
determined in a variety of ways, including a plate viability 
assay, a colony regression assay, a plating assay, and a 
progression or regression assay of tumors in animals. 

Evaluating the ability of a treatment to affect a 
property of a cell includes, e.g., screening or testing the 
cell for the presence of the property, in a preferred 
embodiment, the invention excludes doing this evaluating on a 
cell or organism which is concurrently being treated for a 
disease characterized by unwanted cell proliferation, e a 
cancer. 

In methods of the invention, anticancer agents are 
Identified in cells which are defective in the p53 apoptotic 
pathway because of some mutational event or other reason, as 
well as in p53 apoptotic pathway wild type cells. Thus 
these assays identify anticancer agents that are either' 
apoptotic pathway-dependent or apoptotic 

pathway-independent. By apoptotic pathway-dependent, it is 
meant an anticancer agent that requires a functioning p53 
gene in order to be an effective anticancer agent. By 
apoptotic pathway-independent, it is meant an anticancer 
agent that does not require a functioning p53 gene in order 
to be an effective anticancer agent. Example 11 describes in 
detail a preferred embodiment for identifying such anticancer 
agents, m addition, methods of this invention can also 
indicate whether the anticancer treatment is cytotoxic to 
normal cells in addition to tumorigenic cells. 

In one embodiment of the invention, a method for 
utilizing an anticancer drug which was originally selected as 
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an anticancer agent by the methods of this invention 
described above, to alleviate the symptoms of cancer in an 
organism, is also provided. 

one of the major problems with current cancer therapies 
is the appearance of resistant cell populations. This 
invention includes the administration of apoptotic 
pathway-dependent and apoptotic pathway-independent 
treatments, in combination, in order to minimize the problem 
of drug resistance. This problem is reduced by combination 
therapy because it is highly unlikely that the same cell 
would undergo mutations in both of these separate pathways. 
Therapeutic agents of the invention can be administered in 
any appropriate mode> e.g., orally, intravenously, 
subcutaneously. intraperitoneally. topically, combined with a 
liposome, in a time release formulation, transgenically, or 

by irradiation. 

In a variation, the method provides for evaluating the 
ability of a treatment to bypass or restore or replace the 
function of a mutated or inactivated gene in the apoptotic 
pathway, e.g., a mutation in the tumor suppressor p53 gene. 
The method is similar to that described above, except that a 
treatment, e.g.. a chemotherapeutio agent or radiation, that, 
preferably is known to kill the cell in the presence of tumor 
suppressor gene p53 activity, is administered in addition to 
administering the agent that is to be evaluated, in the ^ 
absence of a functioning apoptotic pathway gene, the cell is" 
not killed by the known chemotherapeutic agent or radiation. 
If the test agent restores or bypasses or replaces the 
function of the mutated or inactivated gene in the apoptotic 
pathway, the cell then becomes subject to programmed cell 
death . 

This invention further provides a method for treating an 
organism, cell culture or cell, characterized by unwanted 
cell proliferation. Unwanted cell proliferation includes, 
e.g.. cancer. By treating unwanted cell proliferation, e.g., 
cancer, it is meant alleviating the adverse effects of 
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tumorigenic cells, and/or eliminating, killing or shrinking 
the tumor igenic cells. In this method, the proliferating, 
e.g., cancer, cells are tested for the presence or absence of 
a tumor suppressor gene p53 mutation. If a p53 mutation is 
absent in the proliferating cell, then a therapeutically 
effective amount of a treatment is administered. Such 
treatment includes a p53-dependent treatment, or a 
combination of a p53-dependent and a p53-independent 
treatment. By p53-dependent it is meant that the treatment 
requires tumor suppressor gene p53 product in order to be 
effective as a treatment. A p53-independent treatment does 
not rec[uire tumor suppressor gene p53 product. If a p53 
mutation is present in the proliferating cell, then the 
treatment includes administration of a p5 3- independent 
treatment, or a sufficiently high level of a normally 
p53-dependent treatment so as to overcome the p53-dependent 
property of the p53-dependent treatment. 

This invention also includes a method of treating a 
tumor igenic cell- culture, or an organism with a tumor, 
preferably, the cells of which are deficient in the 
expression of a gene in the apoptotic pathway, by 
administering a therapeutically effective amount of the 
apoptotic pathway gene protein or DHA in an amount sufficient 
to give expression of a therapeutically effective amount of 
the apoptotic pathway protein. In a preferred embodiment, 
the mutation is in the p53 gene. In preferred embodiments, 
p53 protein or DNA is administered. By therapeutically 
effective amount it is meant an amount sufficient to give a 
desired result when presented to a cell as, e.g., a cell in a 
cell culture or a cell in a living organism. Desired results 
include retardation of unwanted cell growth and/or 
reproduction, destruction of cells and loss of viability or 
unwanted characteristics. The method also may include 
administering a second treatment, for example a 
Chemother apeutic agent or radiation, in addition to the p53 
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protein or DNA. In the presence of the p53 protein or DNA. 
P53 deficient cells can become responsive to this sequence 

''"^''Thls' invention also includes mouse embryonic fibroblast 
cells which are wild type for the tumor suppressor gene p53 
or are either homozygous or heterozygous for a tumor 
suppressor gene p53 mutation, and preferably also have an 
adenovirus EIA gene, and most preferably also have a X24 
H-ras gene. This invention further includes mouse embryonic 
fi^^^blast cell lines comprising cells that are wild type for 
the tumor suppressor gene p53 or are either homozygous or 
heterozygous for a tumor suppressor gene p53 lesion and 
preferably also have an adenovirus EIA gene, and most 
preferably also have a T24 H-ras gene. 

Deposit of MEF cells which p53 ^ and have an 
adenovirus ElA gene and a T24 H-ras gene (strain 1AR.A9) has 
been made on August 19, 1993, with the American^Type Tissue 
culture collection, 12301 Parklawn Drive, RockvUle, MD 
20852, and has been assigned deposit number CRL 11437. 
Deposit of MEF cells which are p53 and have an 
adenovirus EIA gene and a T24 H-ras gene (strain 1AR.C8) has 
^een made on August 19, 1993. with the American Tissue 
collection, 12301 Parklavn Drive, Rockville, MD 20852. and 
has been assigned deposit number CRL 11438.- 



EXAMPLES 



^amele_A - PreEar-.l-i on of Kmbryonic Fibroblasts 

3+/+ p53+/- and p53 ' mouse embryonic 
fibroblasts' (MEFs) were obtained from 12-15 day embryos 
derived from crosses between mice in which one p53 allele had 
been disrupted by gene targeting. (Livingstone et ^1.; CeU 
70- 923-935, 1992). Mice with these genotypes are available 
7.0^ GenPharm international. Mountain view, California 
(TSG-P53 ® transgeneic mouse, item numbers P53101, P53102>, 
P53201, P53202, P53301, P53302) , • and Jaclcson Laboratory, Bar 
Harbor. Maine (catalog # JR2O80). The lack of p53 expression 
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in homozygous mutant fibroblasts was confirmed. (Livingstone 
et al.. Cell 70: 923-935, 1992). Embryo genotypes were 
determined using a polymerase chain reaction assay that 
distinguishes between the wild type and mutant p53 alleles 
(Livingstone et al.. Cell 70: 923-935. 1992). 

To isolate fibroblasts, the heads of the embryo were 
removed and the "red" organs were dissected away (heart and 
liver). These embryos were minced and incubated in trypsin 
for 0.5-1 hour at 37**C. By occasionally passaging cells 
through a pipette, a single cell suspension is obtained. 
Cells were transferred to tissue culture plates or flasks at 
subconfluent density (2-4 x 10^ cells/150 cm^ flask) into 
Dulbecco's modified Eagle's medium (DME) containing 10% fetal 
bovine serum (FBS). One embryo generated 2-4 150 cm^ 
flasks. These cultures are designated "primary" or "first 
passage" cultures. Cells were grown in DME in 10% FBS in an 
incubator containing 5% CO^ at 37'»C, until they reached 
confluence, after which they were plated out for gene 
transfer or frozen for subsequent use. 

Example 2 - Gene Transfer 

Upon subculturing "primary" cultures, cells are referred 
to as "early passage" cultures. To avoid possible selection 
for genetic alterations prior to gene transfer, MEFs from 
Example 1 were used prior to the fourth subculturing. The 
adenovirus ElA gene (Shenk and Flint, Adv. Cancer Res. 57: 
47-85, 1991) was introduced into these cells using gene 
transfer vectors (plasmids or retroviruses) that also express 
a suitable drug resistance marker. it was important that the 
drug resistance gene was on the same vector as ElA in order 
to insure that drug-resistant colonies had a high probability 
of co-expressing the gene of interest. In addition, as 
described below, cells were constructed which also had either 
an activated ras oncogene, T24 H-ras (Franza et al.. Cell 44: 
409-418, 1986), or an adenovirus ElB gene, which was 
CO- introduced with ElA. stable lines were selected in the 
appropriate concentrations of drug. 
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11V ElA was introduced into MEFs using 
specifically. ElA wa p^^s genomic 

plAHygro, a plasmxd ^^^^^ ,,iey. Genes Dev. 

ex;, fragment <-°^^°"^^^^3\'/' ^^lid expressing hygro.ycin 

S35-S.S. - Mggelmann, Kol Cell, 

phosphotransferase) Bloch g^ ^^^^ ^^^^^^ 

Biol. 4: ,o adhere overnight. Exogenous 

cells/ioomm dish and allowea co-precipitation 

4r,^-roduced by calcium phosphate co prei- y 
„HA «as introduce y ^^^^.^^^ ^ x^aboratory Manua . 

(Sambrook et al. , noie ^^.^g ^ 

r"r„-:r :::: Jn, =eu., .^n^- ; --^ 
:irLe» o. .... ~ -tj:"" 

■ activated human ras alieie k^-^-^ 

oncogenically activaT:e ^^„„„ter (Franza et al . , Cell 

— TsLr" rar/ll-ai ... containing 

44: 409-418. 1986). T g ^^^^^^ 

cells,.! ug plAHygro plus a 10 ^^^^^^ ^^^^^ 

..s used. P.SXX enco e. - ^ .otal 

^^^3 'a usL to .0 .g using a control plasmid, 

n,ass of.DNA stratagene of LaJolla, 

pBluescript, f^^'^f ^^^3 incubated with cells for 4 

California. ^-"^^^^J^^^ chloroquine, washed, and 

Ted"^- "in "lal growth media. Subseguentl., 
incubated for 24 ho ^^^^^ ^3^,^ 

cultures were spUt ^ 3^/- ^^.j ^r 20 

containing either 10 - ^ f ^^g,,^,,. 3 

yg/ml (for p53 ana p= Missouri). 

F«.h selection f a al„ctly ot expand^ 

„,.s. colonies ^^^^^ » eKpe.i,»«s were per.o.,»d in 

into permanent cell Imes. 

hygromycin-free media^ ^^.^^ ^^^^^^ 

This procedure result background being 

susceptibility -^^^^^^^^^^^t^.^rl" Tast about one copy 
present in the cells at a level 



per cell 
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• Alternatively, other oncogenes, e.g., c-myc, (Evan et 
al., cell 61: 759-767), can be introduced into the cells in 
place of the ElA gene. 

Example 3 - Colony RearP ssion A^..y c 

in this example, known anticancer agents are tested to 
Show that certain colonies regress in size when exposed to 
such agents. 

plAHygro, which encodes the adenovirus-5 ElA gene and 
hygromycin phosphotransferase, was transfected into p53^/-^ 
P53 , and P53 /- MEFs obtained from Example 1, by 
calcium Phosphate co-precipitation. Thus, colonies arising 
an hygromycan B had a high probability of co-expressing Ell 
ElA-expressang colonies have a distinct morphology that 
L'-r^'f °^ l>ygromycin-resistant MEFs 
stain-:: T " '"^'^'^ i-unofluorescent 

TrlT /^^""^""^^^^y 3 -eeks after transf ection, cultures 

B), and ElA-expressmg colonies were marked and treated with 
5 grays (Oy) ionizing radiation using a Gan«.acell !o 
irradiator (produced by Atomic Energy of Canada Limited 
Commericial Products of nt-i-aT^= n ^ x "-^tea, 
13 7„ oaucrs, of Ottawa, Canada), equipped with a 

Cs source. Alternatively, colonies were incubated in 
the presence of l pM 5-f luorouracil (Sigma) , 0 .2 uM 
etoposide (Sigma), or b.2 pg/ml adriamycin (Sigma), 
selected colonies were photographed at various times 
thereafter. All colonies were scored for significant 
regression 72 hours after treatment, except for colonies 

:.rirh::r:"""""' ^"^^ 

Example 4 - Bose-Response Assay s 

For irradiation experiments, exponentially growing cells 
from Example 2 were detached from plates and adjusted to 
10 cells/ml. samples were irradiated for different times 
and 1 ml of each cell suspension was added to 100 mm dishes 
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containing normal grov^h medium. Cell viability was assessed 
aeTour after irradiation by pooling adherent and 
Larerent cells and measuring upta.e - 

^FTTC^ bv FACS analysis (Shi et ai . , 
isothiocyanate (F TC by ^^^^ ^ ^^^^^ 

:r:: ■ I^3> - cens were measured .or eacb 

,iion cells used in chemical cytotoxicity 
determination. Cells cells/lOOmm dish, 

T'T::ZI: Z ~^ ^^^^ vanous concentrations 
allowed to adhere, - adriamycin, or sodium azide 

rsi::r°^c:n:i;brur:as'determin. .ours following 

""Torder to confirm that cell death occurred by 

• !ells were analyzed for fragmented DNA. 24 hours 
apoptosis, cells were y^ ^^^^,^3,,,, ,,ns were pooled 

3f.er "---^;;^tecuLr weigh. mA was isolated from 2 k 
Teurand vilualized following electrophoresis on X. 

1 nnd staining with ethidium bromide. Example 8 

above protocol . 

1 c riall CvcJe Analysis 

. \ ^ v,r.«mf>-2'-deoxyuridine (BrdU) using 
incorporation of 5-bromo-2 ^^^"^ Example 2 

^Xtiparameter flow ^^^^-^^^^^f f ^^,,6^, ^/lOOnun dish, 
vere plated in growth medium at 1-2 I'l^ijr.^i^^ion. 
allowed to adhere, and exposed to 5 Gy ionizing 
?. Zlrs after treatment, BrdU (obtained from Amersham Life 

saline) and fi«ea in „.i„,ea for maUip.ca»etet FMS 
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percentage of cells in each phase of the cell cycle (at the 
end of the BrdU labeling period) was estimated using the 
MODFIT program (obtained from Verity Software House of 
Topsham, Maine) . The co-efficient of variance for each fit 
was usually less than 5%. The percentage of cells 
incorporating BrdU during the 4 hour pulse was estimated fro 
the log red fluorescence and log green fluorescence plot 
using the disp2D program (obtained from Becton Dickinson and 
Co. of San Jose, California). 

Example 10 below sets forth the results obtained when 
following the above protocol . 

^^P^^ ^ - ElA- expressinq Cells Rpp idly UndPr,:^" 

p53-dependent Cell Dea th Following Exposure m 
Ionizing Radiation 
Due to the difficulty in establishing cell lines that 
continuously express ElA. cell viability was analyzed using 
xinexpanded colonies derived following introduction of ElA 
into early passage mouse embryo fibroblasts (MEFs) As 
described in Example 2, p53+/+, psa+Z", and pss"/- MEFs 
were transfected with plAHygro. a plasmid co-expressing both 
adenovxrus-5 ElA and the hygromycin phosphotransferase gene 
and ElA-expressing colonies were selected in hygromycin B, as 
described in Example 2. except that pT24neo was not 
introduced, in a separate series of experiments, a plasmid 
encoding the adenovirus ElB gene (which counteracts the 
effects Of P53 (Debbas and White, Genes Dev. 7: 546-554 
1993) was co-introduced with plAHygro, as described in ' 
Example 2. After approximately 3 weeks in 
hygromycin-containing medium, ElA-expressing colonies were 
marked and inspected for regression after exposure to 5 grays 
(Gy) ionizing radiation. 

The viability of colonies exposed to 5 Gy ionizing 
radiation is summarized in Table l. 
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TABLE 1 



Treatment 
Radiation 



Exogenous 
Genes 

ElA 
ElA 
ElA 

ElA * ElB 
ElA + ElB 
ElA + ElB 



p53 
Genotype 

(+/ + ) 
(+/-) 
(-/-) 
(+/ + ) 

(-/-) 



Colony Viability 

T>^c^ctant Resistant 
p«>qressxnq Resxstanc _ . 



5 
25 
1 
4 
9 
ND 



1 
0 
24 
Q 
16 
ND 



17 
0 
96 
69 
64 
ND 



irradiation, indicating ^^^^^.^ absence of p53, 

ft- aeath follovitag irr.aiatio«. 

4r,rr TTiA in Prese n-^ ^^^Q "^^"^ 

^^^^^ ,^ric: used as chemotherapeutic 

(.„tl-»etal>olite), '^,'^„.,^ ^t,„s„ beoav.se they 

cancer Principles '^^"'^1^^^^,^^,,, pp. 3«-39=. 
•45., J.B. Lippeneo" Co., 'i.,*/* ^3*'-, and 

pl«<y,ro »ae tra-sfected r«o p53 .^3 

:::::::u:rrr:J.s .a^^ea ,«a ... u..a »ea.a 
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was replaced with liguid media containing either luM 
5-fluorouracil. 0.2 ,H etoposide, or 0.2 pg/„i adriamycin 
m the absence of Hygromycin B. Colonies were inspected by 
mxcroscopy for significant regression and cell death 72 hours 
after .nxt.ating treatment, except for colonies incubated in 
adriamycin which were scored after 24 hours. 

As observed following irradiation, p53+/+ and p53+/- 
colonies that expressed ElA displayed a remarkable 
sensitivity to each of these agents: the majority of 
colonies completely regressed within 72 hours of treatment 
as sununarized in Table 2. -traenr. 

TABLE 2 

COLONY HHGHES.XO. POLLOWT.n TPr^-n.nTT ,nr ti CHEHOTHE..P..^.. ....... 



Exogenous d53 ^ i 
Treatment Genes r*.L-, r> ^^^^^"y Viability (72 h) 
ijenes Genotype Regressinc^ Resistant 



5-fIuorouracil ElA 



% Resistant 



26 



96 



Etoposide ElA 



ElA 20 1 17 

ElA (-/-) 0 J 



Adriamycin eia 



(+/-+) 3 



ElA 2- 0 0 

25 100 



100 



Again, cell death required p53 function, since psa"/- 
cells were resistant to all treatments, although 
p53-def icient colonies did show some degree of regression 
after several days in adriamycin. The vast majority of 
ElA-expressing colonies derived from p53+/- mefs 
degenerated completely following treatment with various 
genotoxic compounds; however, a small number retained 
viability even after 6 days. By using a polymerase chain 
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shown to have lost the wxl^ YP ^ indicate that ElA 

had become deficient for p53. These aa 

o««ed cellular sensitivity to a number of 
increased ceiiuaa ensuing cell death was 

chemotherapeutic agents and that ensuing 
dependent on a functional p53 gene. 

, „ Anticance^^gent^TriagerjE53rd^^ 

— ■ r^r^r ■ ^^^^ - 

dose o£ ioniaing radiation. M P i„aepe»dent: 

«and«d deviation °""«'^ "J/^.i:" f.^^ave viability 
All values were normalized to tne re 
r^rco^tespondin, -treated ocntrol. "o^tne s^e 

^- //^QT>orallv qreater than 90-8> . upeu ^j. 
experiment (generally gtt^ ^^i^nies p53"^ clones 

ceils ™e.sln, El» and T« H-m " ioni.m, radiation 
Tau ed a d^e-de^ndent decrease in viability, vith 
"^Ificant death occulting at dees as lo. as l.oy. 



wo 95/05738 




. PCT/US94/0SM39 



Radiation treatment had a minimal effect on all psa"/- 

lines and untransf acted fibroblasts, and most cells retained 

viability after treatment with 20 Gy. 

In addition, it has been determined that psa"/" cells 

co-expressing ElA and T24 H-ras irradiated with 5 Gy 
displayed no significant loss of growth or tumorigenic 
potential. p53 cells co-expressing ElA and T24 H-ras 
died following irradiation, but to a considerably les^ 
extent than wild type cells. Ionizing radiation, however 
had no effect on the viability of either p53+/+ or psa"/" 
untransfected HEFs. eib, which inhibits EiA-associated 
apoptosis (Rao et al.. Proc. Nafl Acad. Sci. USA 89- 
7742-7746, 1992; Lowe and Ruley, Genes Dev. 7: 535-545 
1993), also protected ElA-expressing cells from death ' 
following irradiation. 

Similarly, p53+/^ cells cc-expressing ElA and T24 
H-jM were extremely sensitive to low concentrations of 
5-fluorouracil, etoposide, and adriamycin, as shown in 
FIG.^2. Viability of the untransf ected MEFs and p53*/* and 
P53 clones co-expressing EiA and T24 H-ras was estimated 

iir.i ^^^^^^^ treat:::: 

with the indicated concentrations of 5-fluorouracil (panel 
A), etoposide (panel B), and adriamycin (panel C). Each 
point represents the average and standard deviation obtained 
from at least 3 independent clones. All values were 
normalized to the relative viability of the corresponding 
untreated controls from the same experiment (generally 

!53"/"«^p" '^'^^'^^ ^"^^^^^'^^ untransfected 

P53 MEFs; open circles untransfected pSS"/" MEFs • 

closed squares, .p53^^^ cells co-expressing eia and T24 
H-ras; open sguares, psa"/" cells co-expressing eia and T24 
n^ras . 

Cell death required p53, since p53"''~ cells 
co-expressing EiA and T24 H-ras were largely resistant to 
these treatments. The differences in concentrations required 
for half-maximal killing of p53+/+ and psa"/" cells 
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• ,nd T24 H-ras were greater than 20-fold in 

eo-eKpressx.g ElA and T24 H ^^^^^^^^ 

^"'^ /Lfs of either p53 genotype following e:cposure 

ar afa rposiL, e.en at .oses as high as 100 

u.oro.raci. ^ :::::^]z:i'^^^^^ at 

ceils f J^:;lse twc^ugs, and the viability 
higher concentrations . ^^^gi^g concentrations of 

^« a nss- independent manner. 

in a p53 ina p membrane integrity is 

During apoptosis, loss or meuiu ^ 
• nv nreceeded by chromatin condensation and 

„B^*'* cells oo-etptesain' EIR and 124 H cas 

Lnsa: Lca^in ana 'c " as 
„„t„.nt with the various -""-"/^f/^^,, '^^^^^ 

-""r:rt::r": =s ri^« ..^ cans 

i»rX, ...latlon or che»othe..^ t^t was 

""Cw .ol.c»la. .ei,ht was ia=^"«- 
clls « hours after .^s„re to '™ « 

^--;^T.T"r:rcur. r/in oontamm, i 

irradiated with 5 Gy { + ) or n /tjtop) or O.i 

/=_pu) 0.2 uM etoposide (ETOP; . or 
uM 5-£luorouracil (5-FU}, "-^ ^ \ y,^ 
. •„ (T^T)v>) DNA was resolved by 
rir^roir agarose ,els ah. vlsualUea h. ethl.l»» 

bromide staining . oo-expressing ElA and 

after irradiation, p53 ceixs f ^i„y,^ 

- rxrsrstfc tnr™a:r 

. ™ese„t 1„ oU,o.ers that wera 
::i:ipl" orappro.l»atel. x,c-... hase pairs, su,,estih. 
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mternucleosomal cleavage. Cells lacking p53 or expressing 
ElB did not contain degraded DNA after exposure to ionizing 
radiation. Treatment with low doses of 5-f luorouracil , 
etoposide, and adriamycin also induced DNA fragmentation in 
P53 cells co-expressing ElA and T24 H-ras, but not in 
p53-deficient cells. These data suggest that cell death in 
ElA-expressing cells resulted from common cellular response 
(apoptosis) to the various agents rather than from the direct 
genotoxicity of the treatments themselves. 

^^^^^ ^ - P53 is Not Recruired For r.u peath Fmi»„.n^ 
Treatment With Sodium Azids 
Since cells expressing ElA undergo p53-dependent 
apoptosis following serum depletion, irradiation, and 
treatment with various Chemother apeutic compounds, it was 
determined whether co-expression of p53 with ElA made cells 
sensitive to any toxic treatment. Untransfected MEFs and 
various clones co-expressing ElA and T24 H-ras were treated 
with sodium azide, an electron transport poison. The 
viability of the cells is shown in FIG. 3. Cell lines 
co-expressing eia and T24 H-ras (squares) and the 
untransfected MEFs (circles) were incubated in various 
concentrations of sodium azide. p53+/+ represent closed 
symbols, p53 ' , open symbols. Cell viability was 
estimated by uptake of FITC and FACS analysis 12 hours after 
initiating treatment. Each data point represents the average 
of 2 independent clones. 

Sodium azide-treated cells displayed a similar 
dose-dependent decrease in viability whether or not they 
expressed endogenous p53, although untransfected fibroblasts 
were less sensitive than cells co-expressing eia and T24 
H-ras. These results show that sodium azide-induced death 
did not require p53 function. Thus, not all cytotoxic agents 
require p53 function to be cytotoxic. 
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Example 10 - ElA.ExErer-i nn Miows CpIIs To Bypass 

^..^-^p pf^nden ^- Growth Arrest Following 

Trradiation 

The effects of ElA and p53 expression on cell cycle 
progression following exposure to radiation and 
Lltherapeutic agents was determined. Cell cycle 

ion was assessed in cells exposed to ionizing 
Tartlo or -ftrrcuracil .y .-.ro.o-. ■ -deoxyur idine <BrdO) 
i:™ation and measurement of cellular DNA content. 
r,s-^+/+ and P53-/" MEFs and ElA-expressing derivatives 
. Tere in^^bated with BrdU for 4 hours beginning 14 hours after 
treatment. This represents a period when growth of 
irradiated fibroblasts is maximally inhibited and.when 

cells expressing ElA have initiated apoptosis. The 
relative amounts of cells in each phase of the cell cycle 
were estimated from the overall DNA content and the 
Trcentage of cells synthesizing DNA during the 4 hour BrdU 
pulse. -as sunanarized in Table 3. 

TABLE 3 

..nr.PP.SSIQH FOl^""TKn EXPOSURE TO TONTZIMG RADIATION 



Treatment 
none 



Cells 



MEF 
ElA 
MEF 
ElA 



•t- ras 



ElA + ras 



pB3 
Genotype 

+/ + 
+/ + 

-/- 
-/- 



GO/Gl 

61+/-3 
34+/-3 
40+/-5 
27+/-1 
23+/-2 



% OF TOTAL 
S 

17+/ -4 
47+/-3 
21+/-9 
52+/-2 
62+/-2 



G2/M 

22+/-5 
iQ+/-l 
39+/-4 
21+/-2 
15+/ -0 



%BrdU 

28+/-4 
74+/-1 
46+/-13 
79+/-1 
89+/ -2 



5Gy 



MEF 

ElA + ras 

MEF 

ElA 

ElA + ras 



+ /- 

+/ 

-/ 

-/ 

-/ 



70+/-1 
22+/-2 
35+/-3 
15+/-2 



4 + /-2 
16+/-3 
18+/-5 
22+/-1 



27^./-! 
62+/-4 



47 
63 



-/-2 
h/-2 



19+/-6 33^-/-6 48 + /-10 



6 + /-2 
45+/'3 



43 



h/-13 
70+/-5 
57+/-4 



Untransfected KEFs and various clones were treated with 
5 Gy ionizing radiation and incubated with ^rdU. Cell 
proliferation was assessed by DNA content (propidxum odide 
stailg) and incorporation of BrdU (using a FXTC-anti-BrdU 
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antibody) by multiparameter flow cytometry analysis. The 
percentage of cells in each phase of the cell cycle was 
estimated by computer analysis of the propidium iodide 
staining data. The number of cells synthesizing dna during 
the 4 hour pulse was estimated from the amount of BrdU 
incorporation. The data represents the average and standard 
deviation from 3 independent experiments. 

A 5-fold decrease in cells incorporating BrdU was 
observed in p53+/+ MEP cultures treated with ionizing 
radiation, and^cells arrested predominantly in G /G . 
Irradiated p53 ^ MEFs continued to synthesize DNA and 
accumulated in G^/M, consistent with the involvement of p53 
in radiation-induced G^ (but not G^) arrest. Treatment 
of wild type MEFs with 5-f luorouracil also caused an 
approximately 4-fold reduction in BrdU incorporation, with 
cells arresting predominantly in G^, while p53~^- meFs 
treated with 5-f luorouracil continued to .incorporate BrdU and 



accumulated in G^/M 



Cells expressing ElA continued to proliferate into s 
phase following treatment with ionizing radiation or 
5-f luorouracil whether or not they expressed endogenous p53 
ElA prevented p53+^+ cells arresting in G^/G„ following 
irradiation. However, neither ElA nor the combination of ElA 
and T24 H-ras prevented irradiated cells from accumulating in 
G2/M. 

^^P^^ - Identifying Agents Thai- are Cvtoi-nv^n tt.= .„^ 
Cell Lines Expres sing ElA and Rag 
The assays described in this example utilize cells 
derived from "knock-out" mice, as obtained in Example l, 
following gene transfer to determine effective killing by 
putative anticancer agents. They compare oncogenically 
transformed cell lines derived from wild type mouse embryo 
fibroblasts (MEFs), or MEFs deficient for a specific gene, 
for example the tumor suppressor p53 gene. Thus, differences 
in cellular response to the agent are attributable to the 
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H .pnP's activity, cytotoxicity of the agent between 
^ ^ " i e wild type cells) are 

from either p53 or psj ^„^ves are performed 

ZTZll 4 one or oon*in.tlo» o£ four .ssay. is used « 
: r d ."ow, a »ul.iw.n plate viability aa^.y, a =olo., 
rerresslon assay, a platl», assay, and a progression or 
regression assay for tumors In antaals . 

. ...... i^n n m.MHtv Assay 

This" assay is the easiest of the four assays and 
prefeX 1. used for large screens. The assay uses »-«ell 
p . tea and allocs testing of one drug at five 
Slntrations, as sho» in .IC - OeUs " 

. or,ri 9 Are TDlated into each well at a densn:y 
rn : ' oe s » " avowed to adhere. The n..t day 
cell^ are treated with various concentrations of a drug, and 
analysed for viability after approximately .4 hours. Dose 
Ts^Le curves are .^^^^^ ^j;:^^ Z^.. 

rrrf rio.^^^^ 

DuerKson n y , . the viability of xintreated cells. 

n^tlriclirsu's are sho»^in .0. The closed 
circlef represent untransfected psa*'* «E.s, ope; o es, 
untransf acted pSS"'" METs, closed scares, p53 cells 
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co-expressing ElA and T24 H-ras; and open squares, pss"/" 
cells co-expressing ElA and T24 H-ras. The panels of the 
figure represent different patterns for each of the tested 
cell types as compared to each other. Depending upon the 
pattern obtained for any given putative drug that is tested 
an identification is made as to whether the tested agent is' 
an anticancer agent, whether it is a p53-dependent or 
p53-independent anticancer agent, and whether it also kills 
normal cells. 

In panel A, a p53-dependent mode of killing, with normal 
cells being resistant to the treatment is shown, in panel B 
a p53-independent mode of killing, with normal cells being 
resistant to the treatment is shown, in panel C, a 
p53-independent mode of killing, with normal cells being 
susceptible to killing by the treatment is shown. 
Colony Reqrression Assay 
Unexpanded colonies transformed by ElA and ras are 
analyzed. Advantages of this assay are: (i) the ability to 
Observe the effects of putative anticancer agents prior to 
significant expansion in cell culture, thereby minimizing 
cell culture selection for resistant phenotypes, (ii) the 
ability to monitor large numbers of independent clones to 
assess the effects of clonal variation. 

2-3 weeks after transfection of cells with plasmids 
expressing ElA and ras oncogenes, p53+/+ and p53-/- 
colonies are marked and transferred to growth medium (without 
Hygromycin B) supplemented with various concentrations of the 
anticancer agent to be tested. The expansion or regression 
of colonies is monitored over a few day period. Specific 
regression of p53+/+ colonies indicates a p53-dependent 
mode of death. 

C. Plating Assay 

This assay measures the long term growth potential of 
cells treated with a putative anticancer agent, cells not 
immediately killed by a drug may lose reproductive potential 
and therefore be unable to proliferate at clonal densities 
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Drugs that inhibit the reproductive potential, of these cells 
reduce -their ability to form colonies when plated at clonal 

density. , ■, 

and p53~'^" cells transformed by EiA and T24 

H-ras are plated at clonal density, approximately 10 
oells/100 mm plate, in medium containing various 
concentrations of the agent to be tested. Mediumis changed 
every 3-4 days until the colonies are large enough to be 
observed without magnification. Plates are fixed m _ 
formaldehyde and stained with crystal violet to assist in 
counting colonies. Values are normalized to the plating 
efficiency of untreated cells from the same cell line (# of 
colonies in drug/tt colonies untreated) . Drugs with known 
modes of action are used as controls. 

Hypothetical results are shown in FIG. 6. Depending 
upon the pattern of results obtained for any given putative 
drug that is tested, a determination of its anticancer^^_^ 
properties are made. The closed squares represent p53 
cells co-expressing ElA and T24 H-ras; open squares. p53 
cells co-expressing EIA and T24 H-ras. In panel A, a 
p53-dependent mode of killing (or inhibition of reproductive 
potential) is shown, and in panel B, a p53-independent mode 

is shown. , . ,^ 

D. i^^o qr^ssion or Regression Ass a y o f Tumors m Animals 

cells transformed by EIA and T24 H-ras are highly 

tumorigenic. Therefore, these cells can be used to generate 

tumors in animals for tests of drug effectiveness in vi^ as 

well as initial estimates of drug toxicity in the animal. ^ 

Since the MEFs used to generate the cell lines differ only in 

the status of the disrupted apoptotic gene, differences in 

tumor response to therapy are attributable to the disrupted 

^^"^"por p53. cellular sensitivity to p53-dependent apoptosis 
in cells expressing ElA and ras is not selected against 
during tumor development in nude, mice, suggesting that tumors 
can be generated that are either sensitive or resistant to • 
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certain anticancer agents. Tumor progression/regression can 
be measured using a variety of methods known to those skilled 
in the art. (Trail et al.. Science 261 : 212-215, 1993). One 
example is described below. 

Cells transformed by ElA and T24 H-ras derived from 
either p53'^'^"^ or p53~^" MEFs are infected subcutaneous ly 
into nude mice (2 x 10^ cells/injection). (Swiss nu/nu 
obtained from Taconic, Germantown, New York). Tumors begin 
to appear within 1-3 weeks. At defined points thereafter, 
animals are treated (or left untreated as a control) with a 
putative anticancer agent. The method of treatment depends 
upon the agent being tested, and includes any appropriate 
mode, e.g., orally, intravenously, subcutaneous ly, 
intraperitoneal ly, topically, combined with a liposome, in a 
time release formulation, transgenically, or by irradiation. 
Tumors are monitored for growth, regression, or reoccurrence 
at various times .thereafter, using standard methods. (Trail 
et al.. Science 261: 212-215, 1993). 

E. Interpretation of Results of Assay s 

^- Identifying Drucrs that Recruire P53 Function for 
Cytotoxicity 

A drug that acts via a p53-dependent mechanism kills 
pSS"*" ^ cells expressing ElA and ras more readily than the 
equivalent pSS""^" cells. For example, the concentration 
required to kill 50% of cells co-expressing ElA and ras (see 
FIG. 5, panel A), or reduce plating efficiency by 50% (see 
FIG. 6, panel A) is considerably lower for pSS'*"'^'*" cells 
than for p53~'^'' cells. Moreover, this drug has minimal 
toxicity with respect to untransf ected fibroblasts. 
Similarly, a p53-dependent drug induces regression of 
p53 tumors but has a minimal effect on pSS"'^^ tumors. 
Any toxic side effects in the mouse at concentrations that 
generate tumor regression are determined in the assay for 
progression or regression of tumors in animals. 
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ii. Trlentifvinq "rnas that On Wot Require p53 
lynngtion for Cvtoxicity 
Not all forms of apoptosis require p53 function. (Clark 
et al , Nature 362= 849-852, 1993), suggesting that 
potentially useful drugs may activate apoptosis independently 
of p53 or "downstream" of p53 in the p53-dependent apoptotic 
pathway. Such a drug kills pSS"^/^ and p53 cells 
expressing ElA and ras equally (see FIG. 5, panels B and C; 
FIG 6 panel B) . Moreover, this drug should have minimal 
toxicity with respect to untransf acted fibroblasts (multiwell 
plate viability assay). Similarly, a p53-independent drug 
induces regression of both p53^/^ and pSS"/" tumors, with 
minimal toxicity at the active concentration (progression or 
regression assay of tumors in animals) . 

iii. TriAntifvina Molecules that Bypass. Restore or 
Replace p53 Function 
Anticancer agents that act by restoring, bypassing or 
replacing p53 activity can be identified by the methods of 
the invention. Hypothetical results using the plating assay 
are shown in FIG. 7. Depending upon the pattern of results 
obtained for any given putative drug that is tested, a 
determination of its anticancer properties is made. The 
closed squares represent pSS^'^"^ cells co-expressing ElA and 
T24 H-ras; open squares. pSS"''- cells co-expressing ElA and 
T24 H-ras. Solid lines represent a p53-dependent drug (e.g. 
5-fluorouracil) alone; dashed lines, a p53-dependent drug 
plus the drug that bypasses or restores p53 function. When 
the p53-independent drug is used in combination with a 
p53-dependent drug (e.g., 5-fluorouracil), the concentration 
of the 5-fluorouracil required to kill 50% of the 
p53-deficient cells expressing ElA and ras is reduced. 

such p53 drugs may also be tested using the progression 
or regression assay of tumors in animals to determine their 
usefulness in vivo . 
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Example 12 - Screeriing Tiimor Biopsies for p53 Mutations 

Tumor biopsies are screened for the presence or absence 
of functioning genes or molecules involved in apoptosis in 
order to establish more effective treatment regimens. For 
example, tumors are screened for a p53 mutation. For tumors 
containing p53 mutations, p53-dependent drugs would be less 
desirable or would have to be used at higher concentrations 
than drugs that act independently of p53 or trigger redundant 
pathways . 

Both point mutations and gene deletions can contribute 
to loss of p53 function in vivo . The methodology for testing 
for the presence of a p53 mutation is known to those skilled 
in the art. Suitable methods include: (i) immunohistochemical 
analysis of tumors using mut ant- specif ic antibodies (Davidoff 
et al.. Surgery 110: 259-264, 1991; Thor et al., J. Nat ' 1 . 
Cancer Inst. 84: 845-855, 1992; (ii) single strand 
conformational polymorphism analysis (SSCP) for detecting 
point mutations and loss of heterozygosity (D'Amico et al . , 
oncogene 7: 339-346, 1992); (iii) nondenatur ing gradient gel 
electrophoresis (Thorlacius et al . . Cancer Res. 53: 
1637-1641, 1993); (iv) direct sequencing (Chiba et al.. 
Oncogene 5: 1603-1610, 1990; Thorlacius et al.. Cancer Res. 
53: 1637-1641, 1993; D'Amico et al.. Oncogene 7: 339-346, 
1992); and (v) RNase protection assay (Chiba .et al.. Oncogene 
5: 1603-1610, 1990). 



Example 13 - Introduction of Wild Type p53 PNA Into 
p53-Def icient Cells 
Restoration of the p53-dependent response to anticancer 
agents in p53 deficient cells is accomplished by introducing 
wild type p53 DNA into these cells. Introduction of wild 
type p53 DNA into p53-def icient cells is accomplished by 
retrovirus-mediated gene transfer (Yeargin et al . , Leukemia 
6: 855-915, 1992; Yeargin et al . , J. Clin, Invest. 91: 
211-217, 1993), The virus co-expresses a selectable marker 
so as to eliminate cells not acquiring exogenous DNA. The 



wo 95/05738 




PCT/US94AMM39 



-35- 



cells are subjected to multiple rounds of infection at high 
multiplicity of infection (i.e., « of infectious units/cell), 
in order to transfect as many cells as possible. Incubation 
of cultured cells in the presence of polybrene during 
infection increases the infection frequency. 

Alternatively, introduction of wild type p53 DNA into 
the p53-deficient cells is accomplished by gene transfer of 
p53-eKpressing plasmids. (Shaw et al . . Proc. Nat'l. Acad^ 
sci. U.S.A. 89: 4495-4499, X992: Baker et al . . Science 249. 

912-915, 1990). 

The transfected cells are subjected to treatment with 
p53-dependent anticancer agents, or a combination of 
p53-dependent and p53-ind6pendent anticancer agents. Since 
the transfected cells contain a wild type p53 gene, a 
p53-dependent response to the anticancer agents is effected, 
e q , a retardation of unwanted cell growth and/or 
reproduction, destruction of cells, or^a loss of viability or 
unwanted characteristics. 

EcarnEle_l4- T...n^nc.tion o f Wild Typ e p53 T)NA into Mice 
with Tumors Lack ing p53 
Mice lacking tumor suppressor gene p53 have been 
generated (Donehower et al.. Nature 356: 215-220, 1992; 
Clarke et al., Nature 362= 8«-852, X993), ^d are available 
as described in Example 1. Mice homozygous for 
p53-deficiency develop spontaneous tumors primarily of thymic 
origin, i.e., T cell lymphoma (Donehower et al.. Nature 356: 
215-220 1992). Furthermore, mice heterozygous for 
p53-deficiency develop a wide range of tumors (at later times 
than the homozygous mice), which are similar to humans with 
Li-Fraumeni syndrome (Malkin et al., N. Engl. J. Med. 326: 
1309-1315, 1992) , and therefore provide a good model for 
human cancer. In tumors that develop from heterozygous mice, 
the wild type p53 gene is frequently lost or mutated. 

These mice, or other "knock-out" mice with mutations in 
an apoptotic pathway, provide a useful system for determining 
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the effectiveness of gene therapy in treating spontaneous 
p53-def icient tumors by the introduction of a wild type p53 
gene. 

The wild type p53 gene is introduced into spontaneous 
p53-def icient tumors so as to enhance the effectiveness of 
anticancer agents in such tumors. The mouse carrying the 
tumor is pSS"^"" or pSG*^^". This introduction is 
accomplished using a p53-expressing retrovirus injected into 
the mouse, preferably into a vessel of the mouse that 
supplies the tumor. The effectiveness of p53-dependent 
anticancer agents in causing regression or cures of tumors in 
mice given a p53 gene is tested by comparisons to untreated 
mice^ and to control mice which are given a retrovirus not 
expressing p53 . 

Example 15 - Testing p5 3 -Independent Anticancer Agents in 
Mice with Tumors Lacking p53 

The mice described in Example 1 provide a useful system 
to assess the utility of the p53-independent drugs identified 
in Example 11, in treating spontaneous p53-def icient tumors ' 
in a whole organism. Since pSS"*"^" animals develop tumors 
of varying tissue origin, these animals provide a good in 
vivo system for evaluating the utility of the drugs of this 
invention that act by a p 5 3- independent mechanism. 

At defined points, such mice with a spontaneous tumor 
are treated (or left untreated as a control) with a 
p53-independent agent identified as described in Example 11. 
The method of treatment depends upon the particular agent 
being tested, and includes any appropriate mode, e.g., 
orally, intravenously, subcutaneous ly, intraperitoneally, 
topically, combined with a liposome, in a time release 
formulation, transgenically, or by irradiation. Tumors are 
monitored for growth, regression, or reoccurrence at various 
times thereafter, using standard methods. (Trail et al . , 
Science 261: 212-215, 1993). 
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Example 16 - Tn vivo Tum o r Response to Anti-Cancer Therapies 
De pends Upon the Pre sence of p53 
This example illustrates that the presence of p53 has a 
dramatic effect on tumor response to ^-irradiation and 

chemotherapy in vivo. 

A transplantable fibrosarcoma model was developed to 
investigate the effects of p53 on tumor growth and 
sensitivity to drug and radiation therapy in vivo. Embryonic 
fibroblasts derived from wild type mice and mice which lack 
functional p53 genes were oncogenically transformed by the 
combination of adenovirus early region lA (ElA) and an 
activated ras oncogene (T24-H ras). These cells can form 
tumors following subcutaneous injection into nude mice 
regardless of their p53 status, but cells which express p53 
remain sensitive to apoptosis in vitro. Lowe et al., Proc. 
Natl. Acad. Sci. U.S.A. 9l:2026 (1994); Lowe et al . , Cell 
74: 957-967 (1993). This oncogene combination provides a 
well-characterized system of multi-step carcinogenesis 
(Ruley, Nature 304: 602 (1983)). analogous to many naturally 
occurring tumors. Since these cells are highly oncogenic, 
tumor growth can occur without strong selection for 
additional mutations. It was therefore possible to compare 
tumors that differed primarily in their p53 status. 

Oncogenically transformed cells expressing p53 formed 
fewer tumors, and with a longer latency, than p53-def icient 
cells These results were in agreement with earlier 
studies. Lowe et al . , Proc. Natl. Acad. Sci. U.S.A. 91:2026 
(1994). Cells lacking p53 gave rise to tumors at all 
injected sites compared to 82 ± 24% (p<0.11) of sites 
injected with p53-expressing cells, with an average latency 
of 8 ± 4 and 18 + 7 days, respectively (p<0.03). However, 
after reaching a palpable size, tumors derived from both wild 
type and p53-def icient cells expanded at similar rates 
(Fig. 8), until the tumors became sufficiently large 
(>1 cm^) that the animals were sacrificed. 
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Table 4 and Fig. 8 show tumor response to radiation and 
chemotherapy in the animals injected with p53-expressing 
(+/+) and p53-def icient (-/-) cells. Athymic nude mice were 
injected with embryonic fibroblasts transformed by ElA and an 
activated ras oncogene (T24 H-ras) (Lowe et al . , Proc. Nat ' 1 
Acad Sci. USA 91: 2026 (1994), and tumor volumes were 
monitored as follows. Minimally passaged pSS"^^"^ and 
pSS""^" mouse embryonic fibroblasts transformed by ElA and 
T24 H-ras were detached from tissue culture plates, washed, 
and resuspended in phosphate buffered saline (PBS) . 2 x 
10^ cells were injected into both the left and right flank 
of athymic nude mice (age 4-8 weeks). Upon reaching a 
palpable size, tumor volumes were estimated from caliper 
measurements of tumor length (L) and width (1) according to 
the formula: ((L x l^)/2). In general, tumors were 
allowed to expand to 0.15-0.5 cm prior to treatment. 
- Animals receiving lower doses of radiation (<7 Gray (Gy)) 
were given a single fraction to the whole body in a Gammacell 
40 irradiator containing a ^^'^Cs source (approximately 0.8 
Gy/min. ) For higher doses, a lead shield was used to reduce 
radiation toxicity to the bone marrow and thoracic cavity. 
Adriamycin was injected intraperitoneal ly at a dose of 10 
mg/kg in PBS . 

As shown in Fig. 8, at the indicated tirafes (arrows), 
animals harboring tumors derived from p53-expressing (panels 
A,C,E) and p53-def icient (B,D,F) cells were irradiated with 
either 7 Gy (A,B) or 12 Gy (C,D), or treated with adriamycin 
(E,F). . Fig. 8 shows representative examples of tumors 
derived from p53-expressing clones CI (open circles) ^ C8 
(closed circles in A and E), and C6 (closed circles in C) , 
and p53-def icient clones A4 (open triangles), A9 (closed 
triangles in B and D) , and E6 (closed triangles in F) . 

These results indicate that p53 had a dramatic effect on 
tumor response to both y-iri^adiation and adriamycin 
treatment. As illustrated in FIG. 8/ most tumors derived 
from p53-expressing cells responded well to 7 Gy, typically 
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gTTMMAT^Y OF TUMOR RESPONSE TO RADIATION AND CHEMOTHERAPY 











Tvimor 


Response 




Clone 


p53 


Treat- 
ment 


n 


Min Vol 


(ji 


Vol . (d7) 


Cl 


(+/+) 


7Gy 
9Gy 
l2Gy 
Adr 


2 
2 
4 
2 


53 
40 

1 XT iU 

42 


6 
7 
7 

3 


53 
40 
10 
NA 


C6 


( ■!-/+) 


7Gy 
9Gy 
l2Gy 
Adr 


2 
3 
2 
2 


50 

42+27 

20 

13 


.3 

4 
6 


89 
o / 
37 
NA 


C8 


(+/+) 


2Gy 
5Gy 
7Gy 
Adr 


3 
3 
3 
6 


29+12 
8+13 
1 6+9 
19+13 


8 

5 

•T 

/ 

6 


64 
12 
1 7 
15 


CIO 


(+/+) 


5Gy 
7Gy 
l2Gy 
Adr 


2 
2 
2 
1 


96 
82 
89 
100 


1 
5 
3 
0 


133 
117 

95 
186 


A4 


<-/-) 


7Gy 

12Gy 

Adr 


2 
2 
4 


100 
100 
100+0 


0 
0 
0 


230 
305 
289 


A8 


(-/-) 


7Gy 
12Gy 


4 
2 


91+13 
100 


0 

' 0 


177 
125 


A9 


(-/-) 


7Gy 
12Gy 


2 
4 


95 
100+0 


1 
0 


223 
171 


E6 


(-/-> 


7Gy 
Adr 


2 
4 


100 
100+0 


0 
0 


177 
232 



NA, not applicable 
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regressing to less than 50% of their pretreatment volume 
within 5 days. Tumors derived from p53-def icient cells 
generally continued to grow, even following doses as high as 
12 Gy. Similar results were obtained when animals harboring 
tvimors were treated with adriamycin. Therefore, the presence 
of wild type p53 was required for efficient tumor regression 
following radiation or chemotherapy. 

This data is summarized in Table 4. Animals harboring 
tumors derived from p53-expressing (+/+) or pSS-def icient 
(-/-) cells were treated on day 0. with the indicated dose of 
ionizing radiation (in Gy) or adriamycin (Adr) , as described 
above. The maximum response is represented by the smallest 
tumor volume (minimum volume) occurring after treatment (as a 
percentage of the tumor volume on day 0) and the day (d) at 
which the minimum volume was achieved. The tumor volume at 
day 7 (d7) post-treatment is listed as a percentage of the 
volume on day 0 . Values represent the average of two or more 
experiments. Standard deviations are shown where 
applicable. '*n" is the number of tumors analyzed for a given 
clone and treatment . 

Some of the tumors derived from p53-expressing cells 
disappeared completely, although all but one eventually 
regrew (not shown) . The magnitude of the response varied 
depending on the clone injected. For example-, tumors derived 
from one p53-expressing clone (C8) responded well to 2 Gy 
while another clone (CIO) responded poorly to doses as high 
as 12 Gy. 

In contrast, tumors derived from p53--def icient cells 
displayed little, if any, response to 7 Gy of ionizing 
radiation. Although some tumors remained stationary for 
several days, 9 of 10 tumors were significantly larger 1 week 
following treatment (see Fig. 8 for representative curves and 
Table 4 for a summary of the averaged data) . In several 
instances, radiation treatment had no effect on tumor growth 
(Fig. 8, panel B) . While tumors derived from p53-expressing 
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cells were even more sensitive to higher doses of radiation, 
p53-def icient tumors were refractory to levels as high as 12 
Gy (Fig, 8, panels C and D, and Table 4). 

p53 also influenced the effectiveness of chemotherapy. 
Specifically, adriamycin treatment induced a rapid regression 
of tumors derived from wild type cells but did not 
significantly affect the growth of p53-def icient tumors 
(Fig. 8, panels E and F) . The amount of adriamycin used in 
these experiments approached the maximum tolerated dose for a 
single injection (Scheulen et al . , Strahlentherapie Onkologie 
165:529 (1989)). Thus, while higher doses of adriamycin are 
capable of killing p53-def icient cells in vitro (Lowe et al . , 
Cell 74: 957 (1993), the concentrations reguired for this 
effect are toxic to the animal. The one tumor derived from 
p53-expressing cells that failed to respond to adriamycin was 
derived from the same clone that was relatively 
radioresistant (CIO, Table 4). 

Example 17 - In Vivo Regress ion of Tumors Derived From 

pSS-Expressinq Cells Subjected to Anti-Cancer 
Therapies Is Due to Apoptosis 

This example illustrates that the regression of tumors 
derived from p53-expressing cells subjected to y-irradiat ion 
or chemotherapy is due to apoptosis, and that p53-def icient 
tumors which do not regress are less susceptible to apoptosis. 

In general, cells that imdergo apoptosis are 
interspersed throughout tumors and have distinct morphological 
features, including cell shrinkage, chromatin condensation, 
and loss of extracellular contacts.. Kerr et al . , Br. J. 
Cancer 26: 239 (1972). Apoptotic cells often activate an 
endonuclease that breaks genomic DNA (Wyllie, Nature 284: 555 
(1980)), generating products which are readily detected in 
situ using the terminal deoxytransf erase-mediated dUTP-biotin 
nick end labeling (TUNED method. Gavrieli et al., J. Cell 
Biol. 119: 493 (1992). 
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Untreated tumors derived from wild type and 
p53-def icient fibroblasts described in Example 16, were shown 
to display a typical fibrosarcoma histology. Both tumor 
types contained many mitotic figures, indicating a high 
percentage of proliferating cells. Both also contained some 
necrotic zones. However, untreated tumors derived from 
p53~expressing cells displayed more apoptosis compared to 
p53-def icient tumors, as assessed by both histology and the 
TUNEL assay. 

Cell death in tumors receiving radiation or adriamycin 
treatment as described in Example 16, had morphological and 
physiological features of apoptosis. Histological analysis 
was done on untreated tumors or tumors recovered 40-48 hours 
following the anti-cancer treatment. Hematoxylin/eos in- 
staining of tumor sections was done from (A) an untreated 
tumor derived from a p53-expressing clone (lOOOX); (B) an 
untreated p53-def icient t\imor (lOOOx); (C) and (E). ...tumors 
derived from p53-expressing cells following adriamycin 
treatment (lOOOX and 200X, respectively); (D) and (F) 
p53-.def icient txamors following adriamycin treatment (lOOOX 
and 200X, respectively). Treatment with ionizing radiation 
produced similar results. Sections from p53 -expressing (A, 
C) and p53-def icient (B, C) tumors, either untreated (A, B) 
or 40-48 hours following treatment with 7 Gy 'ionizing 
radiation (C, D) , were subjected to TUNEL staining (Gavrieli 
et al., J. cell Biol. 119:493 (1992)). TUNEL-posit ive cells 
were visualized using a horseradish peroxidase-based 
detection method that stained cells dark brown. Tissue 
sections were counter stained with methyl green and 
photographed at 20 OX. 

Tumors derived from p53-expressing cells contained many 
pyknotic cells interspersed throughout the tumor within 2 
days after treatment. Many of the pyknotic cells contained 
fragmented nuclei and stained with TUNEL, and the remaining 
normal cells were often surrounded by large regions of 
extracellular space. By contrast, p53-def icient tumors 
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treated with either Y-irradiation or adriamycin contained 
few regions of pyknosis and cell loss. Nevertheless, there 
was a small but reproducible increase in the number of 
TUNEL-positive cells interspersed throughout the tumor. 
These data indicate that the regression of tumors derived 
from p53-expressing cells was due to apoptosis, and that 
p53_(j[ef icient tumors, which did not regress were less 
susceptible to apoptosis. 

Example 18 - Tumors That Become Resistant to Anti-Cancer 

Therapies In Vivo Can Result From a p53 Mutation 

This example illustrates that initially responsive 
tumors derived from p53-expressing clones display a reduced 
response to subsequent treatments and several become 
completely resistant. 

Moreover, tijmors derived from one p53--expressing clone 
(CIO) responded poorly to the initial treatments with 
radiation and chemotherapy (Fig. 9 and Tables 4 and 5), even 
though the injected cells readily underwent apoptosis in 
vitro (not shown). 

Since an intact p53-dependent apoptotic program is 
essential for significant tumor regression, it was tested 
whether acquired resistance involved loss of p53 function by 
mutation. Regions of tumor cDNAs corresponding to exons 5-8 
of the p53 gene were amplified by polymerase chain reaction 
(PCR) and sequenced. This region contains greater than 90% 
of the mutations responsible for p53 inactivation in human 
tumors. Hollstein et al.. Science 253:49 (1991). 
Amplification and sec[uences were performed as follows. Tumor 
cells were dispersed with trypsin and cultured in medium 
containing 50 iig/ml hygromycin B to select for 
tumor-derived cells (which contain hygromycin 
phosphotransferase, Lowe et al., Proc. Natl. Acad. Sci. 
U.S.A. 91:2026 (1994)). RNA was obtained from the tumor 
cells maintained for less than about one week in culture. 
For tumor 915L, RNA was obtained directly from frozen tumor 
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p53 MUTATIONS IN RECURRENT AND RESISTANT TUMORS 



Tumor Response Mutation 



Clone 


Tumor 


Treatment 
(min. vol . ) 


JMUCxeO U JLQ6 




I4i im a 


r\L« xsJL 


Cl 


970L 


9 ( 32) ; 9 ( 74 ) 










970R 


9( 48) ; 9( 100 } 










C6 


Q "7 C T 






131 

■1- %J -L 


134 


Dhe > CVS 


977L 


12(21) 


TTOTGC 


131 


134 


phe>cys 




977R 


12(19) 


TTOTGC 


131 


134 


phe>cys 








TGOGGC 


239 


242 


cys>gly 


C8 


396L 


7(11) 


ND 


NA 


NA 


NA 


380L 


5(0);5(41) 


ND 


NA 


NA 


NA 




912R 


2(33);2(45) ; 


ND 


NA 


NA 


NA- 






2(74) ;2( 100) 












929L 


A(6);2(39) ; 


ND 


NA 


NA 


NA 






2(42);2(74); 














2(100) 










CIO 


934 


none 


CAOCGC** 


211 


214 


his>arg 




933R 


2Gyx7*(78) 


CAOCGC** 


211 


214 


his >arg 




915L 


7(63)7(100) 


CAOCGC** 


211 


214 


his>arg 



ND, not detected 
NA, not applicable 

*treatment consisted of 7 daily doses of 2Gy 
**no wild type sequence detected 

tissue. cDNA was prepared by standard methods using a primer 
corresponding to sequences within either exon 9 or 11 of 
murine p53 . Bienz et al., Embo J. 3:2179 (1984). 
Amplification of p53 sequences corresponding to exons 5 to 8 
was accomplished by PCR with primers specific to sequences 
within exons 4 and 9. Sequencing was carried out using 
several primers specific to exons 5-8. Mutations were 
verified by sequencing the opposite strand or by repeating 
the sequencing. The codon 132 mutation in tumors 975L, 977L, 
and 977R created a BsoFl site, allowing independent 
verification of the mutation by restriction digestion of PCR 
products . 
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The results are shown in Table 5. For each tumor, the 
treatment(s) are indicated as the dose of ionizing radiation 
(in Gy) or as adriamycin treatment (A). In parentheses is 
the minimum volume achieved following treatment, normalized 
to the tumor volume on the day of treatment. Also shown is 
the detected nucleotide change, the affected codon in murine 
P53 (Bienz et al . . Embo J. 3:2179 (1984)), the corresponding 
human codon (Hollstein et al . . Science 253:49 (1991)), and 
the predicted amino acid substitution. 

AS summarized in Table 5, p53 mutations were detected m 
approximately 50% of the resistant or relapsed tumors, at 
codons observed mutated in human cancer . Hollstexn et al . , 
science 253:49 (1991). One untreated tumor and two 
nonresponsive tumors derived from clone ClO acquired a 
missense mutation (histidine to arginine) at codon 211. No 
wild type sequence was detected in these tumors, suggesting 
that they had lost the normal p53 allele. Although not 
detectable in the injected population, cells harboring this 
mutation presumably represented a small percentage of the_ 
injected cells and were selected during tumor growth. This 
probably accounts for the poor response of all tumors derived 

from clone ClO. 

in tiimors arising from clone C6, p53 mutations were 
detected in recurrent tumors that were previously treated 
with high levels of ionizing radiation (Table 2). While no 
p53 mutations were detected in the injected cells (not 
Shown) , a phenylalanine to cystine substitution was observed 
at codon 131 in each relapse tumor analyzed, again suggesting 
that a small percentage of parental cells harbored this 
mutation. A second missense mutation (cystine to serine at 
codon 239) was observed in only one C6-derived tumor (#977R), 
implying it was acquired during tumor expansion. 

Fig 9 shows the acquired resistance of tumors derived 
from p53-eKpressing clones. Athymic nude mice were injected 
with transformed embryonic fibroblasts (time 0) and treated 
as described in Fig. 8. (A) Animals harboring tumors derived 
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from either clone CI (open circles) or C8 (closed circles) 
were treated with multiple doses of ionizing radiation (2 
Gy/dose and 9 Gy/dose, respectively) at the times indicated 
by the arrows. (B) Tumors arising from p53-expressing clone 
CIO were treated with either ionizing radiation (7 Gy, 
triangles; 12 Gy, closed circles) or adriamycin (lo mg/kg, 
open circles) as indicated (arrows). 

In vivo response of tumor 970R is shown in Fig. 9, panel 
B (open circles); 977L in Fig. 8, panel C (open circles); 
396L in Fig. 8, panel A (closed circles); 912R in Fig. S, 
panel B (closed circles); and 915L in Fig. 9, panel A 
(triangles ) . 

The data depicted in the above described table and 
figures suggest that ionizing radiation selectively 
eliminated tumor cells that expressed only wild type p53, 
leading to the enrichment of cells harboring p53 mutations. 
However, p53 mutations were not detected in several recurrent 
tumors, including some that demonstrated complete resistance 
to additional therapy (Table 5). It is possible that some 
mutations were not detected by the limited analysis 
performed, or involved other genes in the p53 pathway. 
Alternatively, p53-independent mechanisms may also give rise 
to radioresistant tumors. The radm-2 oncogene, which can 
inactivate p53 and is amplified in many human sarcomas, was 
not overexpressed in any of the txamors tested. 

Those skilled in the art will be able to ascertain, 
using no more than routine experimentation, many equivalents 
of the specific embodiments of the invention described 
herein. These and all other equivalents are intended to be 
encompassed by the following claims. 
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CLAIWS 

1. A method for evaluating the ability of a treatment 
to adversely affect the growth or viability of a cell, 
comprising: 

providing a cell having a first condition which reduces 

the susceptibility of said cell to apoptosis; 

administering said treatment to said cell; and 
determining whether said treatment affects the value of 

a parameter related to the growth or viability of said cell. 

2. The method of claim 1 wherein said cell is obtained 
from a cell culture, 

3. The method of claim 1 wherein said cell is a mouse 
embryo fibroblast. 

4. The method of claim 1 wherein said cell is part of 
an organism. 

5. The method of claim 4 wherein said organism is .an 
animal, said animal selected from the group consisting of an 
animal being homozygous for a mutation in the apoptotic 
pathway, an animal being heterozsygous for a mutation in the 
apoptotic pathway, and an animal being wild type for the 
apoptotic pathway. 

6. The method of claim 5 wherein said animal is a 
transgenic animal . 

7. The method of claim 1 wherein said first condition 
includes a mutation in a gene that affects the apoptotic 
pathway. 



8. The method of claim 7 wherein said mutation is 
homozygous . 
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9. The method of claim 7 wherein said mutation is 
heterozygous . 

10. The method of claim 7 wherein said mutation is in a 
tumor suppressor gene. 

11. The method of claim 10 wherein said tumor 
suppressor gene is p53. 

12. The method of claim 7 wherein said mutation is in a 
regulator gene for the p53 tumor suppressor gene. 

13. The method of claim 1 wherein said first condition 
includes a nonwild type level of expression of a gene which 
affects the apoptotic pathway. 

14. The method of claim 1 wherein said first condition 
comprises the presence of an oncogene product which inhibits 
apoptosis , 

15. The method of claim 14 wherein said oncogene is 
selected from the group consisting of bcl2, HPV-E6 and 
adenovirus ElB. 

i" 

16. The method of claim 1 wherein said cell further 
comprises a second condition which in a wild type background 
enhances the susceptibility of said cell to apoptosis. 

17. The method of claim 16 wherein said second 
condition comprises an expressed oncogene. 

18. The method of claim 17 wherein said oncogene is the 
adenovirus ElA gene . 

19. The method of claim 17 wherein said oncogene is the 
c-myc gene. 
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20. The method of claim 16 wherein said cell further 
comprises a third condition which allows establishment of a 
permanent cell line when said second condition is present and 
comprises an expressed oncogene. 

21. The method of claim 20 wherein said third condition 
allows said cell to form a tumorigenic cell line. 

22. The method of claim 20 wherein said third condition 
comprises an expressed oncogene. 

23. The method of claim 22 wherein said oncogene is T24 
H-ras . 

24. The method of claim 1 wherein said first condition 
is a mutation in the tumor suppressor gene p53, said second 
condition is an expressed adenovirus ElA gene, and said third 
condition is an expressed T24 H- ras gene. 

25. The method of claim 1 further comprising 
administering a second treatment to said cell which in the 
presence of tumor suppressor gene p53 activity would reduce 
the growth or viability of said cell. 

26. The method of claim 25 wherein said second 
treatment is selected from the group consisting of a 
Chemother apeutic agent and radiation. 

27. A method for identifying an agent useful for 
treating unwanted cell proliferation, comprising: 

providing a cell comprising a first condition which 
reduces susceptibility of said cell to apoptosis and a second 
condition which in a wild type background enhances 
susceptibility of said cell to apoptosis; 
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administering said agent and determining if said agent 
affects the growth rate of said cell, a decrease in said 
growth rate being correlated with the ability of said agent 
to treat said unwanted cell proliferation. 

28. The method of claim 27 further comprising said cell 
including a third condition which allows establishment of a 
permanent cell line when said second condition comprises an. 
oncogene. 

29. The method of claim 28 wherein said third condition 
allows said cell to form a tumorigenic cell line. 

30 . The method of claim 27 wherein said cell is a mouse 
embryo fibroblast. 

31. The method of claim 27 wherein said first condition 
is homozygosity for a tumor suppressor gene p53 mutation, 
said second condition is the presence of the adenovirus ElA 
gene, and said third condition is the presence of the T24 
H- ras gene. 

32. A method for evaluating the ability of a treatment 
to affect the growth or viability of cells which are wild 
type for the apoptotic pathway, comprising: 

providing a first cell which is wild type for the 
apoptotic pathway; 

providing a second cell which has a mutation in the 
apoptotic pathway; 

administering said treatment to said first cell and said 
second cell; 

determining whether said treatment affects the value of 
a parameter related to the growth or viability of said first 
cell and said second cell; and 
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comparing the values of said growth or viability 
parameter between said first cell and said second cell such 
that if said treatment inhibits said parameter more 
extensively in said first cell than in said second cell, then 
the treatment is apoptotic pathway dependent and identifies 
the treatment as being effective for cells which are wild 
type for the apoptotic pathway. 

33. The method of claim 32 wherein said mutation is in 
the tumor suppressor p53 gene. 

34. The method of claim 32 wherein said mutation is 
homozygous . 

35. A method of utilizing an anticancer drug to 
alleviate the symptoms of cancer in an organism, which 
anticancer drug has been originally selected as an anticancer, 
agent by: 

providing a cell having a first condition which reduces 

the susceptibility of said cell to apoptosis; 

administering a first treatment to said cell; and 
determining whether said first treatment affects the 

value of a parameter related to the growth or viability of 

said cell. 

36. The method of claim 35 further comprising utilizing 
a second treatment selected from the group consisting of a 
Chemother apeutic agent and radiation to alleviate the 
symptoms of cancer in the organism. 

37. A method of treating a cell which is tumorigenic, 
said cell being part of an organism, by administering tumor 
suppressor gene p53 DNA in an amount sufficient to give 
expression of a therapeutically effective amount of p53 
protein. 
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38. The method of claim 37 wherein said cell is 
deficient in tumor suppressor gene p53 function. 

39 . The method of claim 37 further comprising the step 
of administering a treatment selected from the group 
consisting of a Chemother apeutic agent and radiation. 

40. A method of treating a cell obtained from a 
tumorigenic cell culture, said cell being deficient for tumor 
suppressor gene p53 function, comprising: 

administering tumor suppressor gene p53 DNA in an amount 
sufficient to give expression of a therapeutically effective 
amount of p53 protein; and 

administering a therapeutically effective amount of a 
treatment selected from the group consisting of a 
Chemother apeutic agent and radiation. 

41. A method of treating a cell which is tumorigenic, 
said cell being part of an organism, by administering a 
therapeutically effective amount of tumor suppressor gene p53 
protein. 

42. The method of claim 41 wherein said cell is 
deficient in tumor suppressor gene p53 function. 

43. The method of claim 41 further comprising the step 
of administering a treatment selected from the group 
consisting of a chemotherapeutic agent and radiation. 

44 . A method of treating a cell obtained from a 
tumorigenic cell culture, said cell being deficient for tumor 
suppressor gene p53 function, comprising: 

administering a therapeutically effective amount of 
tiamor suppressor gene p53 protein; and 

administering a therapeutically effective amount of a 
treatment selected from the group consisting of a 
chemotherapeutic agent and radiation. 



wo 95/05738 



PCT/US94/09439 



-53- 

45. A method of treating an organism with cancer,, 
comprising: 

testing said organism's cancer cells for the presence or 
absence of a tumor suppressor gene p53 mutation; and 

if a p53 mutation is absent, then administering a 
therapeutically effective amount of a treatment selected from 
the group consisting of a p53-dependent treatment, and a 
combination of a p53-dependent and a p5 3 -independent 
treatment; and 

if a p53 mutation is present, then administering a 
therapeutically effective amount of a treatment selected from 
the group consisting of a p53-independent treatment, and a 
sufficiently high level of a normally p53-dependent treatment 
so as to overcome the p5 3 -dependent property of said 
p5 3 -dependent t r e atment . 

46. The method of claim 45 wherein said screening is 
selected from the group consisting of immunohisto chemical 
analysis of tumors using mutant-specif ic antibodies, single 
strand polymorphism analysis for detecting point mutations 
and loss of heterozygosity, nondenatur ing gradient gel 
electrophoresis, direct sequencing, and RNase protection 
assays. 

47. A mouse embryonic fibroblast cell, said cell being 
homozygous for a tiimor suppressor gene p53 mutation and 
having an adenovirus ElA gene and a T24 H- ras gene. 

48. A mouse embryonic fibroblast cell, said cell being 
heterozygous for a tumor suppressor gene p53 mutation and 
having an adenovirus ElA gene and a T24 H- ras gene. 

49. A mouse embryonic fibroblast cell line comprising 
cells that are homozygous for a tumor suppressor gene p53 
mutation and having an adenovirus ElA gene and a T24 H-ras 
gene. 
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50. A mouse embryonic fibroblast cell line comprising 
cells that are heterozygous for a tumor suppressor gene p53 
mutation and having an adenovirus ElA gene and a T24 H-ras 
gene. 
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